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® Electronic transducer. 



<g) An extensometer for measuring dimensional change comprises a pair of adjacent conductors (10) helically 
wound to form a bifilar one layer coil so as to liave substantial elastic deformation. The coil is embedded in 
dielectric material (13) capable of similar elastic deformation whereby the extensometer has a large dynamic 
range. Elongation or defonnations of the extensometer cause a change In electrical capacitance between the 
conductors which change in capadtance is monitored to measure the elongation or defomnation. The conductors 
may have a rectangular cross-section witti rounded comers to improve linearity off tt>e graph of capacitance 
versus elongation. The extensometer has a lengtii which Is at least an order of magnitude greater than tt)e cross- 
sectional dimension ttiereof. A method of constructing tt^e extensometer includes fonning tiie coil on a mandrel 
(11) removing ttie mandrel and immersing the coll in a container of liquid dielectric material until ttie liquid cures. 
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The present Invention relates to a transducer and more particularly to an electronic transducer In the 
form of an extensometer having a wide dynamic range and suitable for measuring large and smaQ 
displacements such as elongation of objects; the change in distance between two points in spsK^; the 
elongation of a curved arc over a surface and. in general, changes in any other single length dimension. 
5 As opposed to conventional strain gauges the extensometer of the present Invention is capable of 
measuring a very wide-range strain, elongation or displacement A conventional strain gauge of the land 
wliich relies on the change in length and cross-sectional area of an electrical resistance wire and 
measurement of the change In resistance thereof, facilitates measurement of only small strains. This 
limitation on the amount of strain which can be measured is brought about by the elasticity of the conductor 
10 which extends, in the case of conventional conductors, over only a small range. Thus whilst such 
conventional strain gauges facilitate accurate measurement of very small defonmations they do not facilitate 
measurement of large deformations, tl^ is, where the final configuration of an article exceeds the initial 
configuration by a large factor. 

Thus it Is an ot^ect of this invention to provide an extensometer which fadlitates electronic measure- 
is ment of large displacements of ot)|ects relative to the displacements which can be measured using 
conventional strain gauges. 

Accordingly, the invention provides an extensometer for measuring dimensional change, said extsn- 
someter comprising two or more acfiaoent electrical conductors configured to allow elastic deformation 
thereof to cause a change In electrical interadion between said conductors, characterized In that, said 
20 conductors are in the form of intsnx^aed helical coils which faciiitate large and small elongations or 
deformations of said extensometer to provide a wide dynamic range. 

In a further aspect the Invention provides a method of producing an extensometer of the Idnd defined in 
the preceding paragraph characterized in ttiat, a pair of corKfuctors are wound as a bifilar one-layer coil over 
a mandrel to fonm an elongate heilcai coil, said mandrel is withdravm and said coil is either embedded In 
25 dielectric material having substantfai elasticity or coated with said dielectric material. 

In order that the invention may be more readily understood a particular embodiment will now be 
descrik>ed with reference to the accompanying drawings wherein: 

Rgure 1 is a sectional end view of a transducer according to the invention in an eariy stage of 
construction, 

30 Rgure 2 is a view similar to Rgure 1 sfK>w{ng the next stage of construction, 

Rgure 3 is a >d6w similar to Figures 1 and 2 sfK)wing the next stage of construction. 
Rgure 4(a) Is a sectional side elevation of the transducer of Rgures 1 - 3 in a further stage of 
construction, 

Rgure 4(b) is the equivalent circuit of the transducer of Rgure 4(a), 
35 Rgure 5 is a theoretical sectional view of the wires of the transducer for the purpose of theoretical 

discus^on. 

Rgure 6 is a graph of capacitance versus wire separation for the purpose of the theoretical 
discussion. 

Rgure 7 is a simplified circuit diagram for measuring capacitance between ttie wires of the 
40 transducer, and 

Rgure 8 is a graph of capacitance versus elongation for experimental results using the transducer of 
this embodiment 

The transducer according to the present embodiment consists of a pair of insulated copper wires 10 
wNch are wound as a bifilar one-layer coil over a mandrel 11 of suitable size. According to the present 
45 embodiment tfie following parameters apply: 
Wire gauge No« 36 enamelled copper wire 
Mandrel diameter 2.5 mm 
coil lengtii 200 mm 

The double helix coil Is tightiy wound around tfie mandrel 1 1 with tiie wires closely adjacent and upon 
50 release of the ends ttie finished coil unwinds to a diameter of about 2.7 mm. facilitating the removal of tiie 
mandrel. A container 12 in tiie form of an aluminium channel of square cross-section of 4 mm sides, is filled 
witti Dow Coming Silastic E RTV silicon rubber, In liquid form prepared according to the manufacturer's 
specification. The coil is positioned above the container and the mandrel removed so that tiie coil sinks into 
the SWasHc. 

55 After allowing for curing of the Silastic 13. tiie transducer is removed from tiie container 12. The Silastic 
provides a solid elongato block of elastic material encasing tiie coll. Insulated wires 15 are attached to the 
respective helices at one end. The other ends of the helices are left open circuit inside tiie Silastic. 
. As is evident in Rgure 4(a) ttie Silastic mould extends past ttie double helix and heat shrinking sleeves 
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14 are attached to the ends of the cured Silastic by heat shrinking over sakJ Silastic to provide a convenient 
way of securing the transducer to a body (not shown) wWch is subied to elongation or for connection to a 
test rig (not shown) for performance characterization and monitoring. In some Instances, eyelets such as the 
eyelet 15 are emljedded In the transducer ends. The heat shrinking sleeves 14 provkle a rigid termination 
6 on ttie transducer ends, so tiiat etongation is attained only over the sensitive part of the transducer 
represented by the lengtii C-C In Rgure 4(a). Figure 4(b) shows the electrical circuit equivalent of the 
transducer where the lengtt) C-C is the effective transducer length and the overall lengtii A-B Includes ttie 
sleeves 14. 

It will be evident tiiat tiie transducer comprises a pair of separate Insulated wires 10 which are capable 
10 of being connected to a monitoring circurt, as will be described hereinbelow. for fhe purpose of measuring 
an electrical parameter such as capacitance, tt>erebetween. 

The ti)eory governing the operation of ttie transducer is as foltows. Considering a simple electrode 
system con^sting of two parallel wires of circular cross*section of radius R wltti centre to centre spacing O 
(Figure 5) for infirmly long wires, ttie analytical expresskxi for ttie capacitance per unit lengtti is given by 
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where 

q is the charge, 

VoVa is ttie potential for each electrode 
€ is ttie dielectrode constant of ttie sum>undlng medium. 
A graph of the capacitance versus wire separation D is shown In Figure 6. 

An analytical expression for ttie capacitance of a double helix electrode system is not available, and 
approximations have to be used depending upon ttie parameters of ttie helix. In general, ttie Ijehaviour will 
be similar to tiiat shown above. For small relative displacements ttie above fomiula gives the expression 

^ which Is ttie same form as for a simple plain parallel capadtor of area k and separation D. If we ptot ttie 
inverse of capacitance as a function of D, we obtain a straight line. 

Experimental data for the transducer of ttie present embodiment is shown in graphic form in Rgure 8 
which is a plot of capadtance (pIco farads) versus ek)ngatton (mm). The curve 16 shows experimentally 
measured capacitance as a function of etongation for ttie transducer, which as stated before has a helix 

^ diameter of 2.7 mm and an effective (active) lengtti of 200 mm. This Is to be compared witti ttie graph of 
Rgure 6 which relates to ttie ttieoretical model shown In Rgure 5 In ttie region between points A and B on 
ttie horizontal axis, Cun/e 17 is a ptot of ttie inverse of ttie capacitance as given by curve 16 as a function 
of etongation, and curve 18 is ttie measured frequency of ttie signal output of ttie drcuit shown In Rgure 7 
as a function of etongation (ariaftrary scale) where Ok is ttie transducer's capadtance. In Rgure 7 ttie active 

^ element is CMOS Schmidt trigger gate type 74C14. 
The frequency of output signal, 
Fk « Hm A 

where H is a circuit constant and R| sets ttie operating centre frequency. From ttie plot, ttie linear behaviour 
of Fx as a function of transducer elongation X (simply related to cdl separation D) for a range of 25% 
^ elongation, is evident Standard signal processing techniques enable a linear output over a range extending 
t»eyond 50% elongation. 

In a modification to ttie above embodiment (not shown in ttie drawings) ttie cross-sectional shape of ttie 
wires 10 is flattened whereby tiiey have a more rectangular cross-sectional shape wltti cun^ comers. The 
result is ttiat ttie plot of capadtance versus elongation is linear or almost linear over a greater range of 
etongations tiian for ttie graph shown in Rgure 8 as Is ttie plot of frequency as a function of elongation. In 
tills modification ttie drcuit constant H is much larger than for wires of drcular cross-section giving rise to 
increased sensitivity of ttie extensometer. 

According to a further embodiment (not shown In ttie drawings) ttie solid btock of Silastic is eliminated 
since in many applications, particularly in ttie Womedlcal fisld, it is unnecessary, in ttils further embodiment 
®^ ttie fonned helical coil is painted over wltti a coating of ttie same Silastic material, or a similar material. In 
order to provide ttie restoring force. If ttie conductors of ttie coll are formed of springy material having 
suffident elasticity when wound into a bttllar helical cdl, ttien ttie coating of Silastic may be eHmlnated 
attogettier. 
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In the event that the extensometer Is to be affixed to the finger of a glove, for example, to measure or 
monitor movement of a pattenrs linger, a layer of Silaslic or lIKe material may be provided a^ tt>e finger 
of the glove, ttts co« laid ttwrecn before curing and afurtlwr layer painted over the coM. After curing, the 
coa Is elasUcally affixed to the glove. . 

It should be evident from the descriptton fterelnabov© that the Invention facilitates measunng displace- 
ments or elongatloos or dilatations or torsions, where the size of the final configuration may exce«f the 
initial one by a large factor. WWlst the Invention was originally devised to provide non^nvas^ve mentoring of 
physiological changes in human bodies, tt is applicable In general in any situation which involves the 
monitoring of dimensional changes. >Whlls» the prelWred embodiment shows a transducer comprising a 
double helbc arrangement, tt wlH be dear to persons sfeHted In the art that many other configurations of the 
electrical oonductora may be utilized since ft is only necessary that the particular construction enable 
substantial elongation of the conductors relative to their Initial length wfhereby an electrical characteristic is 
altered as the conductor Is extended or contracted. 

tt should be further noted that whilst «» extensometer of the invenfion has a very wide dynamic range tt 
is also able to monitor very small dlsplacemente. In one exampte wherein the extensometer is used In a 
Biomedical application to monitor chest expansion and contractloo. so as to monitor breathmg. ft is at the 
same time able to monitor the minute pulsations caused by heartbeat of the user. TWs is an exampte of the 
wide dynamte range and sensttlvlty of the extensometer. 

It should be evidant that ft is a change In separalkjn of the conductors which resulte from a change in 
the pitch of the heBx as the trai8<fticer is stretehed. wWch resulte in the change m capacttance. 

The transducer may be manufactured in a continuous tength and cut to size to fit parficular appHcatlons. 
TWs constitules a net advantage over prior art such as. for wample. mercury filled strain gauges which 
have to be made In a range of sizes to accommodate different requirements. 

It should be evident from the description hereinabove lhat the present invention provides an exten- 
2s sometervrtiich has many and varied applications. Some examptes are set forth below 

(a) Biomedical appHcatlons such as studtes of changes of body shape and dimension for dinical. 
diagnostic or research purposes. 

(b) Mechanical applications such as wide range motion incfication. e.g. in dynamometers. 

(c) Sports and exercise machinery - motton readout for measuring woric output 
30 (d) Other appTications in geo-mechanlcs. agricullurai research, etc 

(e) A comWnaiion of the above wherein the remote manipulation of real or computer simulated 
obiecte can be achieved by monitorirg several extensometers attached to gloves, vests, etc 

In summary, the invention provides an extensometer which is easily fabricated and has a high 
ser^tivtty and wide dynamic range. 
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Claims 

1. an extensometer for measuring dimensional change, said extensometer comprising two or more 
40 adjacent electrical conductor (10) configured to allow elasBc delbnnatton thereof to cause a change in 
electrical interaction between said conductors, characterized in that, said conductors are in the form of 
Interposed helical coils vriiich facilitate large and small elongations or deformafions of said extensometer to 

provide a wide dynamic range. . ■ ^ • 

2 An extensometer as defined In claim 1 comprising ty»o said electrical conductors, charactenzed in 
45 that, said conductors are enclosed in a dielectrtc material (13) which provides a restoring fbrce to return 

said conductors to their original configuration after a deformafion thereof. 

3. An extensometer as defined m daim 2. diaracterized in that, said electrical interaction is the 

capacitance between said conductors. 

4 An extensometer as defined In claim 3. characterized in that, said conductors have a cross-sectional 
50 shape in the form of a rectangle with curved comers, whereby a more linear plot of frequency versus 

elongation is achieved. 

5 An extensometer as defined in claim 4 characterized in that, insulated wires (15) are connected to the 
respecfive conductors at one end of the extensometer to fadlftate measurement of said etectrical Inter- 

55 "a An extensometer as defined in daim 5. characterized in that, said extensometer is long and thin 
whereby the length is at least an order of magnttude greater than the cross-sectional dimension thereof. 

7 A method of producing an extensometer of the kind defined in daim 1 characterized in that, a pair of 
condudors are wound as a bifilar coil over a mandrel (11) to form an elongate helical coil, said mandrel is 
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withdrawn and said coll Is either embedded In dielectric material (13) having substantial elasticity or coaled 

with said dielectric material. 

a A method as defined in claim 7. wherein said cdl Is embedded In said dieleclric material 
characterized In that, after withdrawal of said mandrel, said coil is Immersed Into a container (12) of said 
dielectric material In liquid Ibrm, said Bquld Is allowed to cure and after curing said dielectric material is 
removed from said container whereby said coll Is encased therein. 
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